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PHOSPHOLIPID COMPOUNDS
OF IMPORTANCE

Color index:
=  |mportant
= Extra explanation

“OPPORTUNITIES DON'T HAPPEN,
YOU CREATE THEM.”
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What are phospholipids?
A phospholipids are compounds composed of 2 fatty acid chains (tails) attached to 2 carbons of
a glycerol molecule, and phosphate group attached to the third carbon of glycerol.

They are divided into : 1- hydrophilic head ( glycerol & phosphate).
2-hydrophobic tails ( fatty acids chains.)
Thus, it is amphipathic (contain both hydrophobic & hydrophilic characters).

What are triacylglycerols?

A triacylglycerol is a compound composed of glycerol molecule plus 3 fatty acids ( the same
structure of phospholipids but with a third fatty acid chain instead of phosphate).

- it’s the storage form in adipose tissue.

R R R R R R R R R R R RRIIII—————————————

: Triacylglycerols is transported in blood by :

| chylomicrons & very low density lipoproteins (VLDL).
|

|

: Cholesterol transportation in blood:
. Free cholesterol: by low density lipoproteins (LDL)
:_Esterified cholesterol : by high density lipoproteins (HDL)
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v" Discuss selected members of phospholipids

v’ Describe the physiological importance of
phospholipids with specific examples

v' Distinguish various Plospholipases and describe their

roles:

 Phospholipases A1, A2, Cand D

 Lysosomal phospholipase: Sphingomyelinase

v’ To understand the diseases associated with globular
proteins.
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FATTY ACIDS

TRIACYLGLYCEROL

LIPID COMPOUNDS CHARACTERS: e T Ry e

 Note: | cH,-0-&
oy ' -O-C-H o

1- Heterogeneous group. - Ua Usd 43 ) 83 gpae sl ! Hp-0-&

. . | g:‘& ad (68 Gl iall oy ! PHOSPHOLIPID
2- water-insoluble except the ketone bodies. e e ) iListi’ — 7

3- Soluble in non-polar solvents. | e 0-6 o .
CHy~O~F -0~ CH,CH, N(CHa)4
e

STEROID

e

GLYCOLIPID
7
¢-0
HI:J O.H
?-CHZ—(IZ—?WW\AN
Carbohydrate H H

l l

HO

Classes of lipids compounds

Complex lipids : Simple lipids :
¢ | l ‘o l \ l
Glycolipids  Phospholipids Lipoproteins Fatty acids  Ketone bodies Triacylglycerol Cholesterol
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CLASSIFICATIONSs OF
PHOSPHOLIPIDS:

» ] . Sphingo-
ycerophospholipids i phospholipids

* They’re Glycerol (alcohol)- * Sphingosine (amino alcohol)-
containing phospholipids. containing phospholipids.
* they’re Degraded and * They’re Present in myelin sheath.

remodeled by: phospholipases.  They’re Degraded by: lysosomal

phospholipases{(sphingomylinases).
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Membrane-bound Jig Functions of phospholipids Non-membrane-bound

phospholipids

1-Structural:

2-Anchoring:

3-Signaling:

4-Myelin sheath:

v

—> Predominant lipids of cell membranes.

— Attaching some proteins to membranes

—» Source of IP3 and DAG ( those act as second
messengers )

__, bysphingomyelin, it’s insulator and speeds
up transmission of nerve impulses.

A2 Rinchemictrvy Team
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Membrane-bound Functions of phOSphO"pidS Non-membrane-bound
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phospholipids

Bile is secreted from liver & 1- Easy re-inflation of alveoli
stored in gall bladder. It’s

function : helpingin \ by air: Lung surfactant.

e Essential component of bile <

<

\ - Gallstones may develop when there

is too much cholesterol in the bile .

i secreted by your liver. Bile usually <«—__ -Solubilize cholesterol. Thus,
dissolves or breaks down cholesterol. | preventing ga” stones.

i However, if your liver makes more |

i cholesterol than your bile can

' dissolve, hard stones may develop.

<—+—— 2- Detergent effect: :

-Emulsifying lipids to help in lipid
digestion. <—

Emulsification:
Fat is hydrophobic compound, but it’s

surface is hydrophilic. 2-Structural: :
When we eat fat, it must be small <

enough to get digested properly. If Coat of IlpOprOtemS-
there was a deficiency of
phospholipids in bile, the digestive
enzymes will act on the surface only
(because the fat molecule is large 435 Biochemistry Team
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PARENT COMPOUND : Phosphatidic acid H H H
Extra:

This is a glycerol molecule H C C C H
1.Mono-acylglycerol: if 1 fatty acid binds instead of OH

2.di-acylglycerol: if 2 fatty acids bind instead of 2 OH /

3.phosphatidic acid: 2 fatty acid + Phosphate group OH OH OH

Instead of all three OH .

Members of Glycerophospholipids ‘“Family’’:

s

» 1. Phosphatidylcholine (Lecithin). * 2. Phosphatidylinositol.
' e.g., Surfactant (Dipalmitoylecithin) - Signaling and anchoring molecule.
- surfactant is a special type of lecithin that reduces the No’re
surface tension preventing alveolar collapse. i Dipalmitoylecithin |

. ] s dadl gp !
- Surfactant is composed of: 65% Dipalmitoylecithin and 35% dipalmitoylphosphoatidylcholine i

of other phospholipids, cholesterol, and protein L gl Bl (A ol pa )

___________________________________________________________________________________
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* we can get different Glycerophospholipids , by Adding MEMBRANE  EXTRACELLULAR SPACE
some compounds to the phosphate group “of the == Glycerol backbone
p p p g p o — :iH drophobic
phosphatidic acid”. examples: = __.j,_&o l hos;::rr:’d‘
E= =5 [/MWWWA-C- OCH, ‘L SIOEP
§:‘_- o
serine = —= \MWWW-C-O-CH NH,
. B=== cH: P cHacH
ethanolamine o= == coo™
. ':"C-_‘j :_ji: Phosphatidylserine
choline ]
=== o
== 15’: [ C-o-CH2
=T ==l
- — :: \NW\MMC O-CH
o= == CH (F)-CH.CH. NH.,
:"é’::_; TJ:,E Phosphatidylethanolamine
' Notes === 27, S
| - The fatty acid attached to C1 is always saturated, while the one | f;; ifi /EW éH,-@CFlz(iliglsll’
. which is attached to the C2 is usually unsaturated. | = .o
i 5 o
' - Those two fatty acids will have different structures. PN SO e
__________________________________________________________________________________________________ .'-o.?H
CH. &
Phosphatidic acid

435 Biochemistry Team




A"

DIPALMITOYLEGITHIN (LUNG SURFAGTANT)

* What is it? e L
It is the major lipid component (65%) of lung surfactant Sl Y gorie € (3 Al ) oy (g oS Liis
(Remaining 35%: Other phospholipids, cholesterol & proteins).

Synthesized and secreted: by granular pneumocytes.
( type I, from the first lecture of physiology)

* |Importance:

Decreases surface tension of fluid layer lining of alveoli.

Reduces the pressure needed for their inflation by air.

(in) ALa) ans) i o -

Prevents alveolar collapse (atelectasis).

Di-palmi-toy-lecithin
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D~ CONGENITAL RESPIRATORY DISTRESS SYNDROME (RDS):

- What is it?

It refers to Insufficient production of lung surfactant
- Where does it occur?

It occurs in pre-term babies.

- What does it cause?

It causes neonatal death

- Pre-natal diagnosis to RDS is done by:
Lecithin/sphingomyelin (L/S) ratio in amniotic fluid.

* Ifthe ratiois 2 or above = indicates lung maturity and no RDS.

 Tothe weak 32 there are sphingomyelin in lungs, but by this weak it shift to lecithin which means the lung is mature.

- Preventation:
By giving Glucocorticoids to the pregnant mother with low L/S ratio shortly before delivery

- Treatment:

If the doctors couldn’t prevent the RDS and the pre-term infant born with it, they can treat him by Intra-tracheal
administration of surfactant to him.

Neonatal
RDS

435 Biochemistry Team


https://www.youtube.com/watch?v=E6ivihQNvsI

e RDS- EXTRA EXPLANATION
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Intra-tracheal administration of surfactant Jikll slac) & 3ha e
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o PHOSPHATIDYLINOSITOL SYSTEM

n Phosphatidylinositol system

NS
3
b
&
P b
3

________________________________________________________________

1 Hormone binds
to a specific
receplor.

5 Active phospholipase C
cleaves phosphatidyl-
inositol 4 5-bisphospate
to inositol trisphosphate
({IP3) and diacylglycerol.

n «-Subunit of Gg Calcium and
protein dissociates diacylglycerol

and activates activate protein

kinase C,

mT‘ﬁ‘r m {

11642 x‘i‘r’fl"‘ e ‘?:‘F,’z’rw MO AE A3 1ALy
i 3.1 i,lfw e T

3 Gg protein < b
releases e
GDP and Inoonol 1.4,5- L2
binds GTP. trisphosphate (IP3)
Phoephnrylated proteins
1P binds to a specific receptor

on the endoplasmic reticulum, c < b

causing release of sequestered Ca*+.
INTRACELLULAR
EFFECTS

i

Occupied
receplor
interacls
with Gg

protein,

p

Protein kinase C

catalyzes phosphorylation
L of cellular proteins that

ENDOPLASM!C mediate cellular response

RETICULUM a to the hormone.

P-r—s—qv
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http://youtu.be/lKKL4LEKH5g

9~ PHOSPHATIDYLINOSITOL SYSTEM

- Acetylcholine & antidiuretic

' hormone bind to (V1-

receptor)

' - Catechol-amines bind to
(o, receptor)

*Will be
discussed in renal block

Hormones or neurotransmitters e.g. Acetylcholine, antidiuretic hormone & catechol-
amines

A 4

The hormone or neurotransmitter (signal) binds to the G-protein coupled receptor

A 4

G-protein coupled receptor is activated which leads to activation of phospholipase C

A 4

Hydrolysis of Phosphatidylinositol 4,5 bisphosphate to IP; (1 Ca?*) & DAG

A 4

Activation of protein kinase C which leads to phosphorylation of cellular proteins

A 4

Biological responses to hormones

435 Biochemistry Team



9~ GALGIUM/PHOSPHATIDYLINOSITOL SYSTEM

phospholipase C
breaks the link

results in cleaving
(DAG)* & (IP5)*

DAG & IP; acts as
second messenger

Phosphatidylinositol 4,5-bisphosphate

o
MMWWAA-C-O- CH.,
o | -| Diacylglycerol
MMWMWM-C-O-CH :
Sl Phospholipase C
?_
OoO=p—O OH
I
o HO « Inositol-Triphosphate
(@) H
| H OH
OoO=P-O™
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9~ GALGIUM/PHOSPHATIDYLINOSITOL SYSTEM

Phosphatidylinositol-Protein Anchoring: EXTRACEEEUEAR SEACE
= Another function of phosphatidylinositol is: protein anchoring. (in “protein
addition to the “signaling” function.) '
e
= Anchoring of proteins to membranes is done via: S =
Carbohydrate-phosphatidylinositol Bridge. Ethanolaning - (F)-Ollgosacharide
I
(GIcNH;)
= Some enzymes can be active when they get attached to the mambrane o
by phosphatidylinol , while other enzymes may be inactive when they L N =5
get attached to the membrane ( depending on the kind of enzyme). &
CH, - CH- CH, —® 2
Examples of anchored proteins :- | % % b e
! I L
Alkaline phosphatase Acetylcholine esterase :
g
- Attached to the - Attached to ir}st?‘c:ectlliln::etr:g:;%ig core
surface of small postsynaptic membrane.
intestine CYTOPLASM

________________________________________________________________________________________________________________________________________________



B LIPOPROTEIN STRUCTURE

- Lipoproteins are the way of the lipids (which are hydrophobic) to get transported in the circulation (which is

hydrophlllc). dnay dbe Guli g 8 dalls ¢ € m» pein 4l srale Gon el glile da o L s 00 colall me o (& A5 GudalS judly jai 5¥ 5 elall o S5 Haulli*
OS5 sy ladue el AT 5 (GdAlS Sl Lo Guadile () s lal g @Dy e et lile (s lall

They have 2 parts:
he ute part s o) [R——

Consists of:

- According to the type of lipoproteins. (it can be HDL,
- Apo-proteins or apolipoproteins. VLDL, LDL or chylomicron)

- Phospholipids. ( Hydrophilic part will be in the outer surface, - Different lipid components in various combinations.

and the hydrophobic part will be in the inner surface)

- Free cholesterol (unesterifed) . SOREACE COkT LPID CORE

__________________________________________________________________________________________________________

Note: The coat is Relatively hydrophilic, allowing transport of lipid particles of
the core in the aqueous plasma)

O unesterified cholesterol Q cholesteryl esters
ﬁ phospholipids mtriglycerides

© apolpoproteins
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Chylomicrons high density Low density Very low density
lipoproteins (HDL). lipoproteins (LDL). lipoproteins (VLDL).

- HDL has the highest content of Phospholipids. (very Important)

- Phosphatidylcholine (lecithin) acts as:_a source for fatty acids necessary for esterification of cholesterol on the
surface of HDL by lecithin-cholesterol acyl transferase (*LCAT/*PCAT).

- The surface of HDL consists of : phospholipids, cholesterol and LCAT.
- LCAT transfers acyl group from lecithin to the cholesterol of the HDL “by esterification”. (that’s why HDL has
highest content of phospholipids!) .

*LCAT : lecithin-cholesterol acyl transferase.
*PCAT: phosphatidylcholine-cholesterol acyl transferase. (PCAT=LCAT)
*Acyl= fatty acid.




- What are they?
*A group of enzymes that catalyze the cleavage of phospholipids
*some phospholipases possess substrate specificity for certain phospholipid species so it has remodeling and

degradation function.

! '
For glycerophospholipids For sphingophospholipids
- Phospholipases A1, A2, Cand D. - Lysosomal phospholipase: Sphingomyelinase
- Where do they present? in all tissues, . :
. Catalyze Sphingomyelin
pancreatic juice, snake venoms and
bacterial toxins. to produce — Ceramide + Phosphocholine
l [ | ¢
AEEliel e e Phospholipase A2: Phospholipase C: Phospt:\o]lclpasg D:
breakithelbond ofthe - break the bond of C2. - found in liver lysosomes and car|1 itgun n
S0 AUTMEET 2L - the main enzyme in remodeling bacterial toxin, and activated by plant tssue.
glycerol (C1). of phospholipids to make PIP system ,so it is plays a role
Surfactant. in producing second
-It’s also can be found in messengers.

pancreatic enzymes




})'ochem‘stry Team

1- Degradation of phospholipids

Examples:

1. -Production of second messengers.

2. Digestion of phospholipids by pancreatic juice.
3. Pathogenic bacteria degrade phospholipids of

membranes and causing spread of infection.

FUNCTIONS OF PHOSPHOLIPASES

2- Remodelling of phospholipids

-what are they? Specific phospholipases that
remove fatty acid from phospholipids.

-Examples:

A- Phospholipase A2 is important for the remodelling
of phospholipids to produce the lung surfactant.

B- Replacement of fatty acid by alternative fatty acid
using fatty acyl CoA transferase

e.g.,
- Binding of 2 palmitic acids in
Dipalmitoylphosphatidylcholine (DPPC)
- Binding of arachidonic to carbon 2 of
phosphatidylcholine.

435 Biochemistry Team
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PHOSPHOLIPASE A, Important:

® Phospholipase A, is present in many
mammalian tissues and pancreatic juice.

® Phospholipase A, acting on phosphotidy-
linositol, releases arachidonic acid (the
precursor of the prostaglandins).

® Pancreatic secretions are especially rich
in the phospholipase A, proenzyme,
which is activated by trypsin and
requires bile salts for activity.

® Phospholipase A, is inhibited by
glucocorticoids (for example, cortisol).

It is also present in snake and bee venoms.

PHOSPHOLIPASE A,

® Phospholipase Ay is present
in many mammalian tissues.

7
_V CHZ-OTC-R1
Y
RQ'CIO'CH
¢
CH0$P-04X
(')_

PHOSPHOLIPASE D

® Phospholipase D s found
primarily in plant tissue.

PHOSPHOLIPASE C

® Phospholipase Cis found in liver
lysosomes and the ¢-toxin of
clostridia and other bacilli.

¢ Membrane-bound phospho-
lipase Cis activated by the PIP,
system and, thus, plays a role in
producing second messengers.

435 Biochemistry Team



3) Ceramide: Parent Sphingolipid Compound

Ceramides are a family of waxy lipid molecules. A ceramide is composed of
sphingosine and a fatty acid. Ceramides are found in high concentrations within the

cell membrane of cells. )
Structure and function of myelin sheath:

A-Myelin structure : Lipids 80% :

S |- Glycolipids() (mainly)
X 0 o
~ 2-Sph|ng.omyelln
@ B- proteins 20%.
= Myelin sheath insulates the nerve axon to avoid signal leakage
2 and greatly speeds up the transmission of impulses along axonsDirection of nerve impulse
[
Airecticm oF
ddaearmdirites i rrre el m S|
- Thowmr Te=rrmirel=s
ﬁ"' — =

(1):are lipids with a carbohydrate attached by a glycosidic bond. [1] Their role is to serve as markers for cellular recognition and
also to provide energy. The carbohydrates are found on the outer surface of all eukaryotic cell membranes.
435 Biochemistry Team
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1-Lung surfactant is a function of :

A. Membrane-bound phospholipids.

B. IP3.

C. DAG

D. Non-membrane-bound phospholipids.
2-function of membrane-bound phospholipids:

A. Detergent effect.
B. Anchoring of proteins to membrane.
C. Structural of lipoproteins.

3-Congenital RDS in neonatal isdue to insufficient
production of:

A. Dipalmitoylecithim.

B. Phosphatidylinositol.

C. Lipoprotiens.

D. Phospholipases.

« 4-The phospholipid that is involved in signaling:

A. Triacylglycrol.

B. Lecithin.

C. Phosphatidylinositol.
D. Shpingomyline.

5-The second massengers in
phosphatidylinositol/calcium system are:

A. iP3 & HDL

B. HDL & VLDL

C. cGMP &IP3

D. IP3 & DAG

6-The class of lipoprotein that has highest content of
phospholipids is:

A. VLDL

B. HDL

C. LDL

D. Chylomicrons.

7-The phospholipase that are mainly found in
panceriatic enzymes is:

A. A2

B. Al

C. C

D. D

8-To prevent RDS , the mother must be given .......
shortly before delivery :

A. Intertracheal adminstration of surfactant .
B. phospholipase C.

C. Glucocorticoids.

D. phosphatidylcholine.
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1) WHAT ARE THE FUNCTIONS OF PHOSPHOLIPIDS ?

Membrane bound Non -Membrane bound

phospholipids phospholipids
*Structural : predominant | ¢ Lung surfactant : re-
lipids of cell membrane inflation of alveoli .
* Anchoring : the proteins
to membrane * Detergent effect.
* Signaling : source of IP3
and DAG e Structural : coat
* Myelin sheath : speed up lipoprotein.
transmission of nerve
impulses .

2) GIVE TOW NAMES OF SIMPLE AND COMPLEX LIPIDS ?
SIMPLE LIPIDS : 1- FATTY ACIDS 2- KETONE BODIES 3- CHOLESTEROL .

COMPLEX LIPIDS : 1- PHOSPHOLIPIDS 2- LIPOPROTEINS 3- GLYCOPROTEIN .

435 Biochemistry Team
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3) WHAT ARE THE MAJOR EXAMPLES OF GLYCEROPHOSPHOLIPIDS ?

1- phoshatidylcholine ( lecithin )
2- phosphatidylinositol.

4 ) TALK ABOUT CONGENITAL RESPIRATORY DISTRESS SYNDROME (RDS ) ?

It is a disease that cause by insufficient production of lung surfactant

( Lecithin ) and it occur in pre-term babies . Diagnosis by lecithin/sphingomyeline
ratio . Normal ratio 2 or above . Prevention by given glucocorticoids to the
pregnant mother with low L/s . Treatment by intratracheal administration .

5) WHERE IS THE PLACE FOR SYNTHESIS AND SECRETION OF DIPALMITOYLECITHIN ?

It synthesis and secretion by granular pneumocytes .

6) TALK ABOUT PHOSPHOLIPASES ?
A phospholipase is an enzyme that hydrolyzes phospholipids into fatty acids and
other lipophilic substances . It classification into :

1- for glycerophospholipids : phospholipases A1 , A2, C and D .

2- for sphingophospholipids : lysosomal phospholipase ( sphingomyelinase )

435 Biochemistry Team
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https://twitter.com/435biochemteam
https://ask.fm/biochemteam435

